The presence of unmarked individuals is common in mark-recapture study populations, however, their origin and significance in terms of population dynamics remain poorly understood. At Marion Island, southern Indian Ocean, where virtually all southern elephant seal Mirounga leonina pups born annually (1983 -2008) were marked in a long-term markresight study, large numbers of unmarked seals occur. Unmarked seals originate from either marker (tag-) loss or from immigration. We aimed to identify patterns in the occurrence of marked and unmarked individuals that will allude to the possible origin and significance of the untagged component of the population, predicting that tag-loss will add untagged seals to mainly adult age categories whereas migrating untagged individuals will be mostly juveniles.
Introduction
A thorough understanding of population processes and ecosystem functioning is vital in a world where biodiversity is threatened by climate change, habitat loss, overexploitation, or impacts from introduced species to name a few (e.g., Caughley 1994; Roberts and Hawkins 1999) . Time-series abundance data allow assessment of not only the conservation status, but also the intrinsic and extrinsic factors driving population trends of species (McMahon et al. 2005a; 2009) . Several long-term time-series of abundance data of marine predators in the southern Indian Ocean have, for example, indicated that populations have decreased (or in some cases increased) during the last half of the 1900's, probably in response to changes in food availability (Weimerskirch et al. 2003) . Long-term life history data of top predators such as seals and penguins are important given the increasing role that top predators are playing in the monitoring and management of marine ecosystems (Boyd et al. 2006) , particularly as indicators of environmental change (e.g., Weimerskirch et al. 2003 , Costa et al. 2010 .
To be able to predict the responses of these populations to future conditions, the links between key fitness components (e.g., survival and fecundity) and the environment need to be understood. Individually based, long-term, longitudinal mark-recapture studies are ideal to identify the main demographic drivers of population dynamics, including processes that would not be obvious from abundance data alone (Lebreton et al. 1992 , de Little et al. 2007 . In nearly all mark-recapture studies a sub-sample of individuals, assumed to be representative of the whole population, is marked and subsequently recaptured or resighted during future encounters. The presence of unmarked individuals is therefore inherent to any mark-recapture study population. Unmarked individuals may originate from the studied population either because they were never marked, or because of marker loss. Alternatively, unmarked individuals may originate from other populations through the process of immigration.
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The origin of unmarked individuals within a mark-recapture study is important as their presence may (but does not necessarily) suggest violation(s) of some of the most fundamental closed population mark-recapture assumptions of analyses such as the Cormack-Jolly-Seber approach (Seber 1982; Lebreton et al. 1992) . Where unmarked individuals originate from marker loss or immigration, more realistic open population models (Pollock 2000) that allow additions or removals representing immigration, emigration and marker loss, together with recruitment and mortality should be implemented to appropriately deal with assumption violations of simpler models. Knowledge of the origin of the unmarked population component is therefore vital if its potential impact on the entire population and parameter estimation is to be gauged. 
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), a long-term demographic study was established in 1983 to quantify the life-history parameters of this small, and at the time, declining population. The uninterrupted and ongoing mark-resight study is the only current long-term demographic study of elephant seals in the southern Indian Ocean.
Southern elephant seals have a predictable annual haulout cycle (Figure 2 ) characterised by well defined pelagic phases at sea between distinct "winter" (or mid-year), moult and breeding haulouts on land (Le Boeuf & Laws 1994) . The annual cycle of adult seals (see Methods for age class delineation) is often characterised by only two haulout phases: the breeding phase and the obligatory moult. Elephant seals are extreme capital breeders and females remain ashore for the entire lactation period of 21 to 23 days (Boyd 2000) . The number of females ashore during the breeding haulout (September to November) follows a reliable normal distribution (Hindell and Burton 1988 ) with a peak on 15 October. During the austral summer, from November to March/April, all elephant seals older than the pups born in the preceding 4 breeding season undergo an obligatory moult while hauled out ashore. Seals moult sequentially according to age and breeding experience (Hindell and Burton 1988; Slip and Burton 1999; Kirkman et al. 2003) . During autumn and winter, seals (mostly juveniles) may return to land for a facultative mid-year or winter haulout (Kirkman et al. 2001; Field et al. 2005) .
Elephant seals are considered to have high site fidelity, usually returning to the natal island to haul out (Nicholls 1970 , McMahon et al. 1999 , Hofmeyr 2000 . However, site fidelity varies with age and sex classes and between different haulout phases. Adult females have particularly high levels of philopatry, especially in the breeding season. Notwithstanding the high levels of site fidelity, some degree of inter-island movement within the southern Indian Ocean is known to occur (Bester 1989; Guinet et al. 1992; Oosthuizen et al. 2009 , Oosthuizen et al. 2011 .
Such movements are often part of foraging migrations of juvenile seals (van den Hoff 2001), but dispersal (emigration and immigration) also occurs (Oosthuizen et al. 2011) . Although the full extent of inter-island movement is unknown, Marion Island appears to be an important winter resting and moult haulout site for juvenile seals from the Îles Crozet (Oosthuizen et al. 2011 ).
Elephant seal demographics have been widely studied using mark-recapture methodology at several locations throughout their range (e.g., McMahon et al. 2003 . At Marion Island, the small population size (between 420 and 530 breeding females in the study period) permits individual marking (by flipper-tagging) of nearly all elephant seal pups born at the island. Under 3% of pups born at Marion Island escaped tagging between 1986 and 2007 and this percentage decreased to 0.78% during the latter part (2000 -2007) of the study (Pistorius et al. 2011) . This contrasts the majority of other mark-recapture studies (including elephant seal studies) where only a sub-sample of the population can be marked (e.g., Macquarie Island, McMahon et al. 1999; and Pensinsula Valdés, Pistorius et al. 2004 ). The tagging regime at Marion Island (25 years in 2008) has now extended longer than the known longevity of the species (20 and 23 years for males and females respectively - Hindell and Little 1988) . Even so, a large proportion of seals hauling out at Marion Island are unmarked (untagged) . Assuming that all pups born annually are marked (Pistorius et al. 2011), untagged 5 seals observed at Marion Island could therefore originate from two sources namely tag-loss and migration/immigration. Elephant seals are commonly marked by double-tagging in the hind flippers and tag-loss is an unavoidable component of long-term mark-resight programmes. Tagged seals that lose both flipper-tags over time and survive as untagged seals therefore become indistinguishable from seals that were never tagged. Tag-loss rates have been estimated at Marion Island (e.g., Oosthuizen et al. 2010) and elsewhere (e.g., McMahon and White 2009) to adjust mark-resight survival estimates for the loss of marked elephant seals from the population. At Marion Island, double tag-loss estimates are under 1% for seals aged less than five years. Tag loss rates increase as seals age and double tag-loss cumulates to 11.9 % (females) and 18.4 % (males) during the lifetime of seals (Oosthuizen et al. 2010) . However, tag-loss analyses assume independent tag loss (i.e., the probability of losing the second tag is not dependent on the probability of losing the first tag) -a likely unjustified assumption (McMahon and White 2009). Violation of this assumption will lead to underestimated tag-loss rates, and a larger proportion of untagged seals.
Alternatively, untagged seals observed at Marion Island may be migrants (non-breeding) or immigrants (part of the breeding population), having dispersed from other elephant seal populations within the southern Indian Ocean, or even further afield. Dispersal rates (immigration and emigration) are difficult to measure (Nathan 2001) and robust dispersal rate estimates are lacking for Marion Island.
Tag-loss and migration/immigration thus both contribute unmarked individuals to the Marion Island population. The two mechanisms are, however, predicted to add individuals to different age classes of the population. Tag-loss is expected to add unmarked individuals mainly to adult age categories (Oosthuizen et al. 2010) and therefore, if tag-loss is the foremost source of untagged seals at Marion Island, juvenile age classes should have the greatest proportion of tagged individuals. Conversely, dispersal is predicted to augment juvenile numbers more so than adult numbers and thus we expect unmarked seals to be most prevalent during nonbreeding haulouts where juveniles predominate.
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In this paper we describe the composition of the southern elephant seal population at Marion Island in terms of the relative numbers of marked (tagged) and unmarked (untagged) seals that haul out to breed, moult and winter. Our main aim is to identify patterns in the occurrence of marked and unmarked individuals that will allude to the possible origin of the untagged component of the population. We achieve this by comparing the relative numbers of marked and unmarked seals per age and sex class at monthly and annual time scales. Additionally, we illustrate differential site usage between tagged and untagged seals that may be influenced by the presence or absence of site fidelity to a local birth site by tagged and untagged seals respectively. The results of this study indicate the need for a holistic and integrative view of southern elephant seal populations within the southern Indian Ocean.
Methods

Study area
The Prince Edward Islands (PEIs) comprise two islands, Marion Island and Prince Edward Island (19 km to the northeast of Marion Island). Approximately 540 and 130 elephant seal females currently breed at Marion and Prince Edward Island respectively. Îles Crozet, some 1000 km distant is the nearest island group to the PEIs and approximately 550 elephant seal females breed there (Guinet et al. 1999) . The largest populations of southern elephant seals within this sector of the Southern Ocean occur at Îles Kerguelen and Heard Island (40 000 [Authier et al. 2011 ] and 18 000 [Slip and Burton 1999] breeding females respectively) ( Figure   1 ).
Field methods
Since 1983, virtually all recently weaned southern elephant seal pups born at Marion Island were sexed and double tagged in the interdigital webbing of the hind flippers with identical, uniquely numbered, colour-coded plastic Dal 008 Jumbotags® (Dalton Supplies Ltd., Henleyon-Thames, United Kingdom) (de Bruyn et al. 2008) . In conjunction with tagging, resights of elephant seals were made on a regular 7-or 10-day cycle including all beaches along a 51.9 km coastline where elephant seals regularly haul out (Figure 1 ). Beaches on the west coast where elephant seals infrequently haul out were visited once a month. Annual encounter (resight) probabilities of marked seals are high (mean approximately 0.75, McMahon et al. 2003) . All 7 haulout sites around the island are identified by numerical codes (MM001 -MM068). For brevity, these are given as "1" to "68" in this manuscript.
For every tagged seal resighted, the date, locality, tag colour combination and three-digit number, number of tags remaining and the sex of the seal (if identified) were recorded.
Untagged seals were counted and grouped into discrete age class categories based on morphological characters and visual comparison to known aged seals. Age class categories are: pup (suckling and weaned pups); under-yearling (age < 1 year, excluding pups); yearling (age 1 to < 2 year); subadult (age 2 to < 3 or <4 year for females [depending on breeding history] and age 2 to < 6 for males); adult female (age ≥ 4 [or ≥ 3 if giving birth at age 3]); adult male (age ≥ 6 year). Collectively, under-yearling, yearling and subadult age classes are referred to as "juveniles". Juvenile age classes comprise males and females as the sex of an individual is not always discernible. During regular censuses (described above) from May 1997 to April 2009, "site-census data" were recorded at every beach (site) where elephant seals were observed. Site-census data comprise of (1) the number of seals recorded in each age class (n = 135 820), (2) the number of these seals inspected for the presence of tags (n = 128 302) and (3) the number of seals bearing "Marion Island" tags (n = 48 555). Sample sizes refer to the total number of seals recorded in each category and were obtained from 13 128 distinct site census records (particular date and site). Unweaned and weaned pups present at the island during the post-weaning period do not form part of site-census data and are excluded from all analyses presented here. Individuals from the youngest age class incorporated into site-census data (under-yearlings) must therefore have made at least one foraging trip to sea.
Analyses
Although it is possible to determine the number of individual untagged seals present at Marion Island during any single census, the fact that they are untagged (i.e. unidentifiable) precludes variables. In binomial GLMs, the deviance is assumed to follow a chi-square distribution, with the residual deviance expected to be approximately equal to the residual degrees of freedom.
As we found evidence of overdispersion in initial modeling using the binomial family argument (residual deviance greater than residual degrees of freedom, dispersion parameter = 3.04), we refitted the model using quasi-likelihood (family = quasibinomial) that alleviates the assumption that the binomial errors follow a chi-square distribution (Venables and Ripley 2002) . Neither the Durbin-Watson test statistic (2.108) nor inspection of the sample autocorrelation function (ACF) plot suggested that residuals were autocorrelated. The significance of terms in the model was assessed using non-sequential (type II) analyses of deviance F tests with the significance level set as p < 0.05 (Hardy 2002; Crawley 2007) .
Site usage of tagged and untagged seals was compared for all sites where in total, more than 100 seals were inspected for tags between May 1997 and April 2009 (n = 43). During this period, the overall mean tag-ratio across all sites was 0.378 (48 555 sightings of tagged seals from 128 302 seals inspected for tags). To examine whether certain sites had higher or lower proportions of tagged individuals than the mean across all sites, we applied a two-tailed binomial test in R with the hypothesized probability of success (p) set to 0.378. This model tests the null-hypothesis that the tag-ratio for a specific site does not differ from the mean (p = 0.378) and the alternative hypothesis that tag-ratios are above or below the mean (p ≠ 0.378).
We used 95% confidence intervals (CI) to categorise sites as having lower than expected tagratios (upper CI < 0.378) or higher than expected tag-ratios (lower CI > 0.378). Sites where the CI contains 0.378 exhibit no evidence to reject the null hypothesis. To avoid increasing incorrect rejection of the null hypothesis (Type I error) due to multiple comparisons between 43 sites, confidence intervals were adjusted using the Dunn-Šidák correction (Sokal and Rohlf 1995) to ensure a level of statistical significance equivalent to p = 0.05 (95% confidence intervals). To explain the observed difference in tag-ratios between sites, we (1) related tagratios to the 'popularity' of a site as indexed by the total number of seals observed at each site during the study period and (2) compared the age class specific utilization of sites with tagratios above and below the mean respectively.
Results
Counts of seals (marked and unmarked combined) fluctuated predictably throughout the study period as a function of the cyclic haulout pattern of elephant seals. During the austral winter, juvenile age categories occurred almost exclusively. Numbers of adult seals increased during the breeding season (peaking in October), followed by an overall peak in numbers during the annual moult. Numbers of moulting yearling and subadult seals were the highest in December, those of adult females in January, and adult males in March (Figure 2) .
Effect of age class and time on tag-ratios
All first and second order terms included in the starting GLM model were highly significant (p < 0.001) and as a consequence we did not simplify the starting model any further. Monthly 10 differences in tag-ratios (F = 41.12, df = 11, p < 0.001) largely correlated to the cyclic haulout pattern of elephant seals (Figure 3) . The highest proportion of tagged animals was present during the breeding season (September and October) with a maximum tag-ratio during the peak adult female haulout in October when, on average, almost 50% of the population in attendance have tags. Tag-ratios declined after the breeding season (November) associated with the onset of moult, which lasts until January/February (adult females) or March/April (adult males).
During the moult period tag-ratios increased from 0.40 (mean value, November) to 0.43 (January), then decreased to 0.35 and 0.38 in February and March respectively. Proportionally, the fewest tagged individuals (tag-ratio < 0.3) hauled out during the austral autumn and winter (April to August). Tag Age class had a strong influence on tag-ratios (F = 249.60, df = 4, p < 0.001). Adult males (0.43) and adult females in particular (0.49), recorded the greatest proportions of tagged seals relative to the number of untagged seals; yet these ratios were still below 0.5, indicating that more than half of all adult seals resighted were untagged. Juvenile age categories had lower tag-ratios that declined with decreasing age: subadults (0.36), yearlings (0.32) and underyearlings (0.26) (Figure 4 ). Tag-ratios varied for age classes within a year depending on the haulout phase (delineated by month; age:month interaction F = 11.59, df = 44, p < 0.001).
Tag-ratios decreased from 1997 to 2009 (F = 14.04, df = 10, p < 0.001) and model fit was improved by separating the trend in decrease for different age classes (F = 3.50, df = 38, p < 0.001). Adult male tag-ratios varied more than other age classes between years (SD = 0.54, mean SD for other age classes = 0.45), and did not appear to decline systematically (-0.0029 year -1 ). The slope of the regression line of the fitted probabilities predicted by the GLM was negative for all other groups: adult females (-0.0064), subadults (-0.0063), yearlings (-0.047) and under-yearlings (-0.0065) ( Figure 5 ).
Site usage by tagged and untagged seals
Sites on the north-eastern aspect of Marion Island (n = 9), from Goney Bay in the north (53) to Ship's Cove in the south (65), usually had higher proportions of tagged seals present ( Figure   6 ). Two other locations on the island's southern aspect, namely Kildalkey Bay (20) and Goodhope Bay (26), also had tag-ratios above the mean. Sites where untagged seals occurred more than expected (tag-ratio upper CI < 0.378, n = 14) and those with tag-ratios similar to the mean (n = 18) were interspersed along the east coast ( Figure 6 ).
The relative abundance of tagged and untagged seals was not explained by the total number of seals that occupied a specific site over time (linear model, p = 0.40, R 2 = 0.017, Figure 7a ).
More importantly, the age class specific utilization of different sites influenced tag-ratios. Sites where tagged seals occurred more (tag-ratio lower CI > 0.378) was utilized by greater proportions of adult seals relative to juvenile seals, whereas sites with comparatively few tagged seals (tag-ratio CI ≤ 0.378) were utilized by greater proportions of juvenile seals ( Figure   7b ).
Discussion
The origin and significance of unmarked individuals in mark-recapture studies has received little attention even though they could provide valuable information on population dynamics such as immigration rates (e.g., Coulson and Coulson 2008) which can be a key component of the local population dynamics. Using a long term mark-resight study of southern elephant seals where all individuals born to the local population are marked, we aimed to attribute the presence of large numbers of unmarked seals to one of two possible origins: marker loss or immigration. Although both these mechanisms augment the unmarked population component, our results suggest that immigration (temporary or permanent) is an especially important source of untagged seals. Whereas tag-loss cumulates with age (Oosthuizen et al. 2010) and is thus expected to add unmarked individuals to mainly adult age categories, unmarked migrants/immigrants are expected to be primarily juveniles (Oosthuizen et al. 2011) . Our results indicated that the overall relative abundance of untagged seals (represented by tagratios) was high, especially during the periods when juvenile seals haul out.
Site fidelity and inter-island movement of untagged seals
Unambiguous evidence indicates that elephant seals, like many other pinnipeds (e.g., grey seals
Halichoerus grypus, Pomeroy et al. 1994 , Australian sea lion Neophoca cinerea, Campbell et al. 2008) show high fidelity to their natal beaches, i.e., most individuals are philopatric. At Peninsula Valdés, 86% of elephant seal females return to within 3km of their birth site (Lewis et al. 2006) and at Macquarie Island 77% of females return to within 4km of their birth site (Nicholls 1970) . Similar high site fidelity occurs at Marion Island, where approximately 51%
of females return to within 5km of their birth site (Hofmeyr 2000) . Considering such high site fidelity, the occurrence of a large number of untagged seals (outnumbering tagged seals) at Marion Island appears contradictory. Fidelity to the natal island is, however, lower for juveniles and for adults during non-breeding haulouts (Hofmeyr 2000) and some degree of inter-island movement does occur between Marion Island and neighbouring Prince Edward
Island (Oosthuizen et al. 2009 ), Îles Crozet and Îles Kerguelen (Bester 1988 , 1989 , Guinet et al. 1992 , Oosthuizen et al. 2011 . But, as a consequence of inadequate observer effort both spatially and temporally, movement-rates amongst these islands remain difficult to quantify.
Annually, more than 50% of surviving under-yearlings born and tagged at Marion Island and more than 60% of surviving yearlings (of both sexes) haul out to winter at the natal site (Kirkman et al. 2001) . Juvenile males aged two to four continue to haul out in high proportions during winter (Kirkman et al. 2001) , but even so, untagged seals outnumber tagged seals three to one during this phase. Marion Island is an important winter haulout site for untagged seals from the Îles Crozet, but possibly also Îles Kerguelen (Oosthuizen et al. 2011) . The high relative abundance of untagged seals during winter suggests that these seals forage in the region of Marion Island (rather than near their natal island).
The sequential moulting of juveniles, followed by adult females and then adult males during the moult haulout (November -March) coincided with a change in tag-ratios. Relatively low tag-ratios in November (during the principal juvenile moult phase) increased in December, and reached a peak during January (predominantly adult female moult haulout), indicating that more untagged juvenile than adult female seals moulted at Marion Island, relative to the tagged population. Tag-ratios during the adult male moult haulout (February to March) were the lowest recorded during the moult season, but were not unexpected as some adult males are known to repeatedly visit alternative non-breeding haulout sites during the moult. A number of males from Heard and Macquarie islands moult at the Vestfold Hills and Windmill Islands in Antarctica, for example (Burton 1985; Bester 1988; van den Hoff et al. 2003) , whereas males breeding on Îles Kerguelen have moulted at Marion Island (Oosthuizen et al. 2011) .
Even though the highest tag-ratios were recorded for breeding females, approximately half of all breeding females are untagged. A proportion of the large number of migrant juvenile seals at Marion Island during non-breeding haulouts is expected to permanently immigrate to the breeding population (suggested by the proportion of untagged breeding females and observations of seals tagged at Îles Crozet breeding at Marion Island [Oosthuizen et al. 2011] ).
Breeding dispersal of elephant seals between Marion Island and other islands is generally assumed to have negligible influence on population parameters (Pistorius et al. 1999 ; but see Bradshaw et al. 2002) et al. 2005b) . Given the importance that immigration may have on population structure and growth rate, the ability to identify immigrants and therefore the capability to distinguish between local births and immigration is critical. However, in contrast to the current study, most mark-recapture studies are ill-suited to identify unmarked individuals as immigrants, simply because not all individuals in the local population are marked. One example where immigrants could be distinguished from locally born offspring is in specific black-legged kittiwake Rissa tridactyla colonies where all young produced in the colony were ringed over an extended period (up to 36 successive years, Coulson and Coulson 2008) . Philopatry appeared to be lower than generally assumed for these colonial seabirds when the number of philopatric recruits in a colony was related to the total number of new recruits to that colony (Coulson and Coulson 2008) . 
Site usage by tagged and untagged seals
Significantly more tagged than untagged seals hauled out on the northeastern coastline and at two sites on the south coast. Although tag-ratios were unrelated to the popularity of a site (measured as the total number of seals that haul out), higher tag-ratios (more tagged individuals) were positively coupled to higher proportions of adult seals relative to juvenile seals that utilize specific sites. The distribution of the largest harems (number of female breeders, and consequently numbers of tagged pups added to the study population per annum per site) is not regular along the coastline, but with two exceptions (sites 7 and 18, Figure 6 ) includes all sites with tag-ratios above the mean. Local site fidelity (returning to the same beach) maintained the difference in numbers of tagged seals on different sections of the coastline for all age classes. Untagged seals appear to be distributed evenly amongst sites rather than occurring in greater numbers at large breeding sites -as this would have had a homogenising effect on tag-ratios between sites. Although immigrant seals lack fidelity to a birth site (at Marion Island), they may be philopatric to sites where they hauled out previously as juveniles.
Drawing inference from unmarked individuals
The current analysis was facilitated by the long-term southern elephant seal mark-resight programme at Marion Island. Migrant seals appear to be abundant at the site, but as untagged migrant seals clearly do not form part of the marked population, their presence will not result in spurious survival rates estimated from the marked population. Projected population growth derived from mark-resight survival and fecundity rates may, however, not correlate to observed total population trends, as immigrant seals are an additional source of seals, including breeders.
The difference in population growth rates estimated from counts of individuals over multiple sampling periods compared with population growth estimates from age-structured projection matrix models (Peery et al. 2006 ) may therefore be used to estimate dispersal rates.
Where possible, researchers utilizing mark-recapture methodology should also collect information on the unmarked component of their study population as such data (e.g., counts, birth rates) may, in combination with mark-recapture data, improve biological conclusions.
Integrated data analysis, for example, allows different data sets to be analysed together to better disentangle the confounding effects of dispersal and marker loss on mortality of marked individuals (e.g., Reynolds et al. 2009 ). It may rarely be possible to assign individuals as immigrants simply because they are unmarked, but even so, it may be possible to estimate immigration rates even without directly observing individuals dispersing from one population to another. Population genetic approaches (assignment methods, Manel et al. 2005 ) may assist to improve estimates of local reproduction and immigration. Lastly, temporal symmetry markrecapture models (Pradel 1996) can be used to estimate the rate of immigration by subtracting local recruitment (reproduction only) from total recruitment (reproduction plus immigration). 
Figure 5. Southern elephant seal tag-ratios (proportion of individuals tagged) at Marion
Island from May 1997 to April 2009 (excluding 2002 
